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Ql: (50 Marks) 

A. Derive expressions for sending end voltage and current for a long transmission line. (20 Marks) 
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B. State the electrical and mechanical considerations for transmission line design. (10 Marks) 
Electrical Considerations for T.L. Design: 

• Low voltage drop 

• Minimum power loss for high efficiency of power transmission. 

• The line should have sufficient current carrying capacity so that the power can be transmitted 
without excessive voltage drop or overheating. 

Mechanical Considerations for T.L. Design: 

• The conductors and line supports should have sufficient mechanical strength: 

• To withstand conductor weight. Conductor Tension and weather conditions (wind, ice). 

• The Spans between the towers can be long. 

C. Define and explain the insulator string efficiency? Can its value equal to 100%? If yes, why? 

(20 Marks) 

The ratio of voltage across the whole string to the product of number of discs and the voltage 
across the disc nearest to the conductor is known as string efficiency i.e. 

Voltage across the strung 



y n x Voltage across disc nearest to conductor 
n - number of discs in the string. 


where 


A) By using longer cross-arms 

B) By grading the insulators 

C) By using a guard ring 



Th guard ring is the practically method which can be used. 


1. By using longer cross-arms. The value of string efficiency depends 
upon the value of K i.e., ratio of shunt capacitance to mutual 
capacitance. The lesser the value of K, the greater is the string 
efficiency and more uniform is the voltage distribution. 


The value of K can be decreased by reducing the shunt capacitance. In 


order to reduce shunt capacitance, the distance of conductor from 
tower must be increased i.e., longer cross-arms should be used. 
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However, limitations of cost and strength of tower do not allow the use of very long cross-arms. 
In practice, K = 0-1 is the limit that can be achieved by this method. 

2. By grading the insulators. In this method, insulators of different dimensions are so chosen that 
each has a different capacitance. The insulators are capacitance graded i.e. they are assembled 
in the string in such a way that the top unit has the minimum capacitance, increasing 
progressively as the bottom unit (i.e., nearest to conductor) is reached. 

Since voltage is inversely proportional to capacitance, this method tends to equalize the potential 
distribution across the units in the string. This method has the disadvantage that a large number 
of different-sized insulators are required. However, good results can be obtained by using 
standard insulators for most of the string and larger units for that near to the line conductor. 

3. By using a guard ring. The potential across each unit in a string can be 
equalised by using a guard ring which is a metal ring electrically 
connected to the conductor and surrounding the bottom insulator. The 
guard ring introduces capacitance between metal fittings and the line 
conductor. The guard ring is contoured in such a way that shunt 
capacitance currents il, i2 etc. are equal to metal fitting line capacitance 
currents i'l, i'2 etc. The res ult is that same charging current I flows 
through each unit of string. Consequently, there will be uniform 
potential distribution across the units. 


Good Luck 

Course Examination Committee: Prof. Doaa Mokhtar 

Dr. Hossam A. A. Saleh 
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IQ1: 


(5 Marks)! Fill in the blanks by inserting appropriate words 


a) 

b) 

c) 

d) 

e) 


If sag in overhead line increases, tension in the line 

The balancer machine connected to the heavily loaded side works as a 

A shorter string has string efficiency than a longer one. 

The longer the cross arm, the the string efficiency. 

If the spacing between the conductors is increased, the capacitance of the line is . . 


IQ2: 


(10 Marks) 


Two-wire dc distributor AB is fed from both ends as shown in the following figure. The resistance per 
1000 meters is 1 Ohm. Calculate the current in various sections of the feeder, the minimum voltage 
and the point at which it occurs in the system. Draw the load current and voltage drop diagrams. 



Q3: (5 Marks) 

A string insulator has 3 units and each unit has a safe working voltage of 20 kV. Find the maximum 
line voltage on which it can be operated safely and find the string efficiency. The ratio of self- 
capacitance to shunt capacitance of each unit is 5:1. Derive any expression used. 


Good Luck 



1. Fill in the blanks by inserting appropriate words 

a) If sag in overhead line increases, tension in the line decrease^ . 

b) The balancer machine connected to the heavily loaded side works as a generator . 

c) A shorter string has more string efficiency than a longer one. 

d) The longer the cross arm, the greater the string efficiency. 

e) If the spacing between the conductors is increased, the capacitance of the line is decrease^ . 

2. KCL at node (a) I 2 = /i + i± 

wCV 2 = wCV 1 + wkCV 1 

V 2 = V 1 (1 + k) > (1) 

KCL at node (b) I 3 = I 2 + i 2 

wCV 3 = wCV 2 + wkC(F 1 + V 2 ) 

v 3 = v 2 + k(y t + v 2 ) 

V 3 = (1 + k)V 2 + kV 1 = (/c + (1 + /e) 2 )!^ > (2) 

V 3 = 20 kV, V 1 = 20/1.64 = 12.195kV 
V 2 = 1^(1 + k) = 12.195 x 1.2 = 14.634kV 
V 3 = (k + ( 1 + k) 2 )Vi = 1.39 x 8.197 = 11.399 kV 
V P h = V 1 + V 2 + V 3 = 46.829 kV 

V L = y/3V ph = 81.015 kV 

^ = 3 ^ =7a05% 

3. R = 0.001 n/m, AV ab = 0 = 0.1/^ + 0.15(7^ - 100) + 0.05(7^ - 180) + f*°° 0.001(I A - 180 - 2 x)dx 

AV ab = 10 = 0.1 I A + 0.15(7 A - 100) + 0.05(7^ - 180) + 0.001(7^ x - 180x - x 2 )]^ 00 
0 . 5/4 = 110, I A = 220A » I B = 3604 

point of min voltage at 320 m from feeding A, orpoint of min voltage at 180m from feeding B 

rl80 

V Min = V B - I 0.001(7 b - 2x)dx = 250 - 0.001(360x - x 2 )]J 80 = 217.6F 
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WL 


(28 lMarks)| 


A. Write short notes on the following: 

i. Skin effect 

ii. Transposition of conductors 

iii. Balancer machines set 


(6 Marks) 


r 
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B. A 50-Hz double-circuit 3-phase line is 
arranged as shown in Figure 1. The 
conductors are completely transposed and are 
of radius 1 cm each. Find, 

• The inductance per phase per km and 
the corresponding inductive reactance. 
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Figure ] 

The capacitance per phase per km and the charging current at 138 kV. 


(12 Marks) 


C. A three-phase, 50 Hz transmission line has the following parameters per phase: resistance = 12 
Q, inductance = 63.66 mH and capacitance = 1.06 pF. Using the nominal T-method, calculate:- 

• ABCD constants of the line. 

• Sending end voltage, current, power, and power factor. 

• Transmission line efficiency and voltage regulation. 

• Draw the complete phasor diagram. 

The line supplies a balanced load of 50 MW at 132 kV and a power factor of 0.8 lagging. 

(10 Marks) 




(20 Marks)! 


A. Compare the volume of conductor material required in 3-phase 4-wire system and 3-wire d.c. 
system assuming that: 

i. The amount of pow er P transmitted is the same 

ii. The voltage V at the consumer’s terminals is the same 

iii. The efficiency of transmission is the same 

iv. The area of X-section of neutral wire is the same of the outers. (5 Marks) 

B. Mention the different methods used to improve the voltage distribution over string insulators 

in overhead transmission lines. Which method is practically used? (5 Marks) 

C. A string insulator has 4 units and each unit has a safe working voltage of 15 kV. Find the 
maximum line voltage on w hich it can be operated safely and find the string efficiency. The ratio 
of self-capacitance to shunt capacitance of each unit is 8:1. Derive any expression used. 

(10 Marks) 
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|Q3; (22 Marks)| 

A. Derive an expression for the total power losses and the minimum voltage in a uniformly loaded 

distributor fed at both ends with equal voltages. (6 Marks) 

B. A single phase AC distributing feeder 1 km long has a total per conductor resistance and 
reactance of 0.1 and 0.15 ohm, respectively. At the far end, the voltage is 200 Volt and the 
current is 100 A at a power factor of 0.8 leading. At the mid-point, there is a load with a current 
of 100 A at a power factor of 0.6 lagging. All power factors are with reference to the voltage at 
load point. Calculate: 

i. The voltage at the mid-point 

ii. The voltage at sending end 

iii. The phase angle between the voltages at sending end and far end point 

iv. Draw r the phasor diagram (8 Marks) 

C. Two-wire distributor AB is fed from both ends at 250 volt. The total length of feeder is 500 
meters and loads are tapped as follows: 100 amperes at C; 100 meters from A and 80 amperes 
at D; 250 meters from A. The distributor is uniformly loaded at 2 A/meter length from point B 
to point E at 200 meters from B. The resistance (go and return) per 1000 meters is 1 Ohm. 
Calculate the current in various sections of the feeder, the minimum voltage and the point at 
which it occurs in the system. Draw the load current, voltage profile and voltage drop diagrams. 

(8 Marks) 

|Q4: qo MarkiT 

A. State the electrical and mechanical considerations for transmission line design. (4 Marks) 

B. Fill in the blanks by inserting appropriate words 

i. If sag in overhead line increases, tension in the line 

ii. A ring main distributor fed at one end is equivalent to fed at both ends with 

equal voltages. 

iii. The balancer machine connected to the heavily loaded side works as a 

iv. If the power factor of load decreases, the line losses 

v. A shorter string has string efficiency than a longer one. 

vi. The longer the cross arm, the the string efficiency. 

vii. If the spacing between the conductors is increased, the capacitance of the line is 

(7 Marks) 

C. Two towers having height of 50 meters and 80 meters support a transmission line at a river 
crossing. The transmission line has a span of 600 meters between the supports. The weight of 
the conductor is 2 kg/m length, area of cross-section is 2.5 square cm and the breaking stress is 
4200 kg/ square cm. Assuming that the ice weight is 0.5 kg/m length, find the minimum clearance 
level and the clearance at mid-way between the supports. The safety factor is 4. Bases of the 
towers can be considered the water level. 

(9 Marks) 

Good Luck 

Course Examination Committee: Prof. Ahmed Refaat 

Dr. Doaa Mokhtar 

Dr. Hossam A. Abd el-Ghany 
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a string of 4 


“ ch “ l " llR '' ar ° f d tflra phase high voltage transmission l,m- is suspended bv 
a^ensim type disc Insulators If the potential difference across the second unit from the too is 

thir< ’ rr0m ^ “ “ K " *» **** **"™> 

(IP Marks) 


Q3: 


PS 


A. 


J4: 


I . i lor the capadtanLoofatrans|)«sGci three phase iransmissfon line with 

equilateral spacing. „ „ , v 

rs Marks) 

A distributor All is fed from both ends. At the feeding point A the voltage is maintained at 235 V 
nit at h 236 V [ lie total length of feeder is 200 meters and loads are tapped, 20 a mperes at 50 
nietei s from A, 40 amp ercs aTZ ^ met i ■ ra fimn_A. 25 amperes at 1 00 meters from A and 30 
amp ere*. at 1 m eters from A. The resistance per 1000 meters of one conductor is 0.4 ohm, 
Calculate the current in various sect ions of the feeder, the minimum voltage and t he point at 
which it occurs in the system, draw the voltage distribution over the feeder. (10 Marks) 

A three phase transported 345 Kv, 200 Km line has the following tine impedance 2=0,032+j0,35 
ohm/km and admittance y=j 4.2 ps/fcm, full load at the receiving end of the line is 700 Mw at 0.99 
leading power factor at 95% of the rated voltage. Assume a medium length line, determine; 

1. AliQ) parameters of the nominal n circuit 

2 . Sending end voltage, current and power 

3. Transmissio n line efficiency and voltage regulation. nfl Marks ) 

' ~ (25 Marks') 


A. Derive an expression for the total power losses and the position of minimum voltage in a 
uniformly loaded distributor fed at both ends with equal voltage, 

( 5 Marks ! 


B. State the properties of the conductor materials and commonly used materials. 


(3 Marks) 


C lii a 500/250 dc 3- wire system there is a current of 1 200 A on the positive side and 1000 A on 
tire negative side and a motor load of 200 Kw across the outers. The loss in each baiancer 
machine is 5 Kw call ulate the current in the main machine and load in each balancer machine. 

( 7 Marks ) 

D. The towers of height 30 meters and 90 meters support transmission line at water crossing- The 
h»riv.onl.d distance betw< towers is 500 meters, If the tension in the conductor is 1600 kg. 

Find the minimum clearance of the conductor and water and the clearance mid-way between the 
supports I he weight of condttt i«»r is 1 5 kg/m. Bases of the tower can be considered at the water 
level (10 Marks) 
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(25 Marks) 

l; — - — * 

A. SM« the types and advantages of renewable energy renewable energy sour- . Discuss the 

main precautions and regulations which electrical workers must follow to avoid <*..y damage 

(6 Marks; 

thr equipment and workers, 

ft. A Ot. ring distributor ABCDEA with interconnection between B and D is fed at point A. The 
resistancei of the go and return in sections AB. BC, CD. DE , EA, and BD are 0.1, 0.07 j, 0.2, 0.25, 
0 3 .»rid 0.1 ohm respectively. The supplied currents at B, C, D, and E are 30, 50, 20 and 30 A 
respectively. \/^ — ' 1 L*>oV* (6 Marks) 

1 . Calculate the current in the interconnector and the voltage at each ioad point 
2 Sketch the voltage distribution across the nng 


t A three phase transposed 345 k V, 200 km line has the following line impedance z= 

0.032 -fj 0.35 ohm/meter, and the admittance y=j 4.2 ps/km. The full load at the 

receiving end of the line is 700 Mw at 0.9 leading power factor and 95% of rated voltage. 
Avsume a medium length line and determine:- 

1 . ABCD parameters of the nominal n circuit 

2. Sending end voltage, current, and active power. 

3. Transmission line efficiency and voltage regulation. 

4. Draw the complete Phasor diagram. (X3 Marks) 




A. What is the function of balancer machines set in DC distribution and describe its 


(20 Marks) 


construction and theory of operation? 


(5 Marks) 


fi. Derive an expression for the total power losses and the position of minimum voltage in a 
uniformly loaded distributor fed at both ends with unequal voltages? (5 Marks) 

C Each conductor of a three phase high voltage transmission line is suspended by a string of 
4 suspension type disc Insulators. If the potential difference across the second unit from 
the top Is 1 3.2 KV and across the third from top is 18 KV. Determine the voltage between 
conductors and string efficiency. ( 10 Marks) 


Please l urn Over 
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(20 Marks) 

. j^nertve an expression for tf* mdwttnc* of » |*«r <wo-w.ro transm.sslon Uno 

' wth o radius r motor and distant* D mofr. P.svuw tho offoct of the distance between 
the conductors and radius on the value of Induct**** & Marks) 

A A single phase 30 Km long transmission tine with diameter of 5 mm and 1.5 meter 
' between conductors. If the supply voltage is SO KV. deter mine the charging current at no 

load. (4 MarkS) 

U. A 2-wire distributor AB is fed from both ends at .’SO volt Ihe total length of feeder is 
500 meters and loads are tapped, 100 amperes at C . LOO meters from A, 60 amperes at D, 
250 meters from A. The distributor is uniformly loaded at 1 A/meter length from point B 
to point D at 200 meters from B The resistance *>«ui return) per 1000 meters is 1 

ohm. Calculate the current in various sections of the feeder, the minimum voltage and 
the point at which it occurs in the system Draw the voltage distribution over the feeder. 
(lCLMarks) (IQ Marks) 


104: C?S Marks) 

A. Explain how the ABCD constants of transmission lines can be determined 

experimentally? (5 Marks) 

J?-yZ> 

B. 40 km short long transmission line delivers 8MW at power factor 0.8 Lagging and a line voltage 
of 1 1 KV. The single conductor impedance is ^0 1 ♦ J 0 3) ohm/ km. 

- Find the sending end voltage and power factor 

- Calculate the transmission efficiency and voltage regulation 

• Draw the phasor diagram (10 Marks) 

C. The towers of height 30 meters and 90 meters support transmission line at water 
crossing. The horizontal distance between the towers is 500 meters. If the tension m the 
conductor is 1600 kg. Find the minimum clearance of the conductor and water and the 
clearance mid-way between the supports. The weight of conductor is 1.5 kg/m. Bases of 
the tower can be considered at the water level. (10 Marks) 

End of the Exam: Page 2/2 

WISH YOU ALL THE REST 
l)r. Ayman HobaUah 
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ii n, (1 0 Marks) 

v t». iii • hi, i i.|ii„. i,.,, i,, ( ,| i . i M i i»i i transposed three phase single circuit transnr with 

< i|iiiliiiinitl spat if t|t mill Unit the Inductance per unit length of the balance three phase whose 

i >ntdn« Ini a him pirn ml at cor nr»r» of triangle whose sites 3, 4, and 5 meter where the diameter of 

4 I* 4 OMftiii Mm Iq / i m 








H A IH# # IMM #ll%t t llmtor AIM DMA with Intel c onnection between B and D is fed at point A- The 
» iMMhmi m* .if III* go and > *tur n in sections AH, BC, CD. DE , EA, and BD are 0.1, 0.075, 0.2, 0 25, 
0 Undo i .iImm MspioiivMly The supplied currents at B ,C ,D ,E are 20, 30, 20 and 50 A 

map. I llvoly l .d. o| i|. 

t In 1 • mi 1 1 of lo Oip liili’M on Hector 

Mt«* voltage at each load point \f __ o \J 


™ J - _ (10 Ma rks) 

4.o« On i y p* . nod advantages of renewable energy renewable energy sources. Discuss the main 
pi. i auttotia -mo m guladons which electrical workers must follow to avoid any damage to the 

«N|n||Monot and Workers 

It A t plMfte, 4 Wire ayst»m supplies a voltage of 400/230 volt is loaded as follows: 

H ) to Kw, dune phase motor having an efficiency of 85% and 0.8 lagging power factor 
< ) A single pb.i-.u load of » KW at 0.9 lagging power factor between R and N 

• >) A single ph is* load of 4KW at unity (tower factor between Y and N 

I j A 'ingle ph.^e I oml of 4 KW at 0.85 lagging jxtwer factor between B and 

( al< niate the i m mrits In all lines and the change in line currents if the load from B to N is 

■ n> I (10 Ha r ks} 

A III kin short liansmlMlon lino delivers BMW at ftower tactor 0.8 lagging and a line voltage 
ut I I KV the Imp. dame of a single conductor is (0 1 t | 0 t) ohm km 
I'lod Om sending end voltage and power lactoi 
< ul< olaie th*» ti misrnKslou effli iency and voltage i rgulutlon 

ItirtW the pi la so i diagram 

h A / wire fe. .ho OAH ha« a load of 100 am,»rw at B and 50 amperes at A both at powei factor 
OH lagging l)*.i Imped on ♦> of OA Is (O.SfjO.l) ohm and that ot AB Is (0.1 fj 0 15) ohm If the 
voltage At Ifie fei end "It- 1* maintained at 400 V. Find the voltage at A and at the supply end 
t .msld. f dM» the ,„,w. . fa. »o rs am with respective to the voltages at the load points 

IomY agig 


wr i ( > otf am in i mi ,f 


I»r Avm ut lluhallah 


